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round, a situation is soon found where the observation can be made with the best advantage. In the neighbourhood of the place where the blow is being tried there is a loop of the vibration which is most excited and a (coincident) node of the vibration which is least excited. When the ear is opposite to a node of the first vibration, and therefore to a loop of the second, the original inequality is redressed, and distinct beats may be heard even although the deviation of the blow from a nodal point may be very small. The accurate determination in this way of two consecutive places where no beats are generated is all that is absolutely necessary. The ratio of the entire circumference of the circle of latitude to the arc between the points represents 4n, that is four times the number of cycles. Thus, if the arc between consecutive points proved to be 45°, we should infer that we are dealing with a vibration of two cycles—the one in which the deformation is elliptical. As a greater security against error, it is advisable in practice to determine a larger number of points where no beats occur. Unless the deviation from symmetry be considerable, these points should be uniformly distributed along the circle of latitude *.
In the above process for determining nodes we are supposed to hear distinctly the tone corresponding to the vibration under investigation. For this purpose the boats are of assistance in directing the attention; but with the more difficult subjects, such as church bells, it is advisable to have recourse to resonators. A set of Helmholtz's pattern, manufactured by Koenig, are very convenient. The one next higher in pitch to the tone under examination is chosen and tuned by advancing the finger across the aperture. Without the security afforded by resonators, the determination of the octave is in my experience very uncertain. Thus pure tones are often estimated by musicians an octave too low.
Some years ago I made observations upon the tones of various glass bells, of which the walls were tolerably thin. A few examples may be given:—
II.       a,         c"tt,        b".
III.    f%      b".
The value of n for the gravest tone is 2, for the second 3, and for the third 4. On account of the irregular shape and thickness only a very rough comparison with theory is possible; but it may be worth mention that for a thin uniform hemispherical bell the frequencies of the three slowest vibrations should be in the ratios
1 : 2-8102 : 5'4316;
* The bells, or gongs, as they are sometimes called, of striking clocks often give disagreeable beats.   A remedy may be found in a suitable rotation of the bell about its axis.
E.    III.                                                                                                                         21+ Theory of Sound, § 234.    That the rubbing finger and the violin-bow must be applied at different points in order to obtain the same vibration was known to Cliladm.
